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Numerical and experimental study of functioning of
typical linear pyrotechnic separation device

WANG Guangyu', WANG Xiaopeng® , WEN Quan', WANG Yushi'
(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, China;
2. China Academy of Launch Vehicle Technology, Beijing 100076, China)

Abstract; At present, the optimal design of linear pyrotechnic separation device mostly depends on experiments, which is not only costly but
also low efficient. Herein, a numerical model was developed with arbitrary Lagrangian-Eulerian method for a typical linear pyrotechnic separation
device. The numerical model was validated via pyrotechnic separation experiments and photonic Doppler velocimetry, and it was found to have
reasonable accuracy. The model was applied to study the mechanical mechanism of the transient separation process of the pyrotechnic separation
device. The influence of multiple factors on the critical characteristic parameters was also studied quantitatively, such as effective plastic strain of
the key areas of the device. It is found that the linear density of the detonating cord and the bottom radius of the v-notch of the separation plate have
significant influence on the separation process. In addition, the material of the protection plate, the angle of the v-notch and the dimension of the
rectangular notch of the separation plate also have a certain influence on the separation process, however, the influence is less than that exerted by
the linear density of the detonating cord and the bottom radius of the v-notch. The study can provide a foundation for optimal design of the typical
linear pyrotechnic separation device.

Keywords : linear pyrotechnic separation device; photonic Doppler velocimetry; arbitrary Lagrangian-Eulerian method ; numerical simulation ;

sensitivity analysis
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cord on effective plastic strain at the critical

locations of the separation plate
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Tab.4 Radius of the bottom of the v-notch and

partial configurations of the model
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fFEE FOMmE/ [ #1242/
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P2 90 0.75 2.05
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P8 90 0.25 2.95
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(b) Linear density of the detonating cord is 2.95 g/m
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Fig. 15 Influence of radius of the bottom of the v-notch on
the effective plastic strain at the bottom of the v-notch and

the upper internal fillet of the rectangular notch
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Tab.5 Angle of the v-notch and partial

configurations of the model

o wgpprn VEHURER 62
LEE AR
mm (g/m)
PiFE 1 60 0.50 2.05
g2 90 1.00 2.05
fE3 120 1.00 2.05
{5 E 4 60 0.50 2.95
fiE S 90 1.00 2.95
E 6 120 1.00 2.95
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Fig. 16 Influence of angle of the v-notch on the effective
plastic strain at the bottom of the v-notch and the upper

internal fillet of the rectangular notch
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Tab.6 Materials of the protection plate and

partial configurations of the model

WSS ISR N2
FEA HyEME oM BAER LR/

BE/(°) (mm) (g/m)
FE 1 VW94 544 90 1.00 2.05
fFE2 2AR4344 90 1.00 2.05
5H 3 45 4R 90 1.00 2.05
FE4 VW4 44 90 1.00 2.95
fFIES 2ARE44 90 1.00 2.95
5E 6 45 1 90 1.00 2.95
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Tab.7 Dimensions of the rectangular notch and

partial configurations of the model
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Fig. 17  Influence of material of the protection plate on the
effective plastic strain at the bottom of the v-notch and

the upper internal fillet of the rectangular notch
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(b) Linear density of the detonating cord is 2.95 g/m
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Fig. 18 Influence of dimension of the rectangular
notch on the effective plastic strain at the critical

locations of the separation plate
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